I. INTRODUCTION
HE mobile telecommunications business is changing rapidly. As the technology development has diversified to several alternative tracks (e.g. 3GPP and IEEE) the future is not anymore controllable according to an international or regional plan, but may different standards and even proprietary solutions compete each other with hardly foreseeable outcomes. Competition is also intensifying on many different levels of business: between network operators with different access/network technologies, between service operators with very heterogeneous backgrounds, as well as between application and content providers. The differences between winning and losing technologies or business models can be subtle, and careful assessment is required when drafting the roadmaps for the future. Implications of new technologies, regulations, and business models have to be understood as creating a successful investment strategy for the network, service and virtual operators. The winning schemes and the financial margins for each investment plan have to be discovered.
Offering rich wideband/broadband services in conjunction with the traditional circuit switched voice services is the next step for most of the European mobile operators, to survive the degrading voice revenues due to increasing competition and lowering price levels. The change should be analyzed on at least two levels, separating the Network Operator (NO) and Service Operator (SO) businesses. NOs are extending their network coverage and capacity, whereas SOs promote new services that are more profitable and more attractive to the customers. 3G mobile technologies have opened up the possibility of providing new and advanced value-added data and content services such as rich video and audio, games and m-commerce. Service related aspects have to be combined with different technologies, and all the possible rollout plans should be investigated by the players, making the "3G", "UMTS", "WCDMA", "CDMA2000", "OFDM", "mobile WiMAX" etc. game more complicate than ever.
In this paper, a representative set of possible business scenarios have been selected, including cases for incumbents and new entrants, those having a UMTS license and those lacking it -utilizing a chance to use an alternative technology. These scenarios will be described in the next chapters, with the aim of answering to specific research questions in the upcoming broadband mobile era.
The presented results are based on the work within EUREKA Celtic project ECOSYS. Due to limited space, it is not possible to give here details on the parameters and assumptions, nor all the analysis results. For more detailed data relating to the market assumptions, service usage and revenue related parameters, network elements, dimensioning, investments, as well as operational costs breakdown, and full set of results, please see the reference [1] In this paper, a scenario approach to cover some of the most interesting business alternatives in providing the new 3G and beyond services has been applied. The opportunities and strategies differ between operators that already have an existing second-generation cellular network and possibly a license for the 3G UMTS network, and operators that do not have any existing network. Four selected scenarios are analyzed.
The Scenario 1 (2G incumbent operator with or without UMTS license) analyses the incumbent player, i.e. one who has an existing 2G network, and wants to deploy its own 3G network. This study setting includes, and compares, two alternatives: UMTS deployment (with license), and a new competing 3G technology deployment. As we are here looking at incumbent players, we normally have clear connection between the SO and the NO sides of the business. So in this scenario we have currently only one SO and one NO linked together. Even as such, however, this separation gives interesting insight to the economical dynamics of these entities.
The competing 3G technology has been selected in this study to be mobile WiMAX (IEEE 802.16e), deployed in the licensed 3.5 GHz spectrum. The width of the used frequency band is supposed to be 10 MHz. The characteristics of WiMAX include full IP compatibility throughout the network, and an effective OFDM radio frequency utilization. Within both basic alternatives full GPRS coverage is already built, and EDGE technology is utilized for a fast initial upgrade for new services.
In the WiMAX case the EDGE technology is especially crucial as the WiMAX technology is available later than UMTS and due to the shorter range of the cells, it is not feasible to cover the suburban and rural areas with mobile WiMAX. This is much due to the used high 3.5 GHz frequency band.
Within both basic alternatives full GPRS coverage is already built, and it is possible to utilize also EDGE technology as a fast upgrade for new services.
As all the investigated technologies from GSM to UMTS or WiMAX, differ in parameters, that affect the user behavior at the service take-up and usage, the modeling of these characteristics is of crucial importance. To analyze this effect, we utilized a separate End-user model. In the Scenario 2 (New entrant with UMTS license), the business case of a new entrant holding a 3G license is analyzed. Whereas SPs and MVNOs compete only at the service operator level, new entrants with licenses play a significant role in creating competition at the network level. However, the barriers to entry prove to be quite high. Especially, in the case of network infrastructure investments, new entrants have to make decisions on whether to share or roam over the networks of other operators in the market. The study involves a comparison of network sharing cases in suburban and rural areas, and analyses the effect of network sharing related to the achievable market shares in both cases.
In Scenario 3 (CDMA450 Business Case) the possibility of building a CDMA 450 network will be analyzed This scenario has been pointed out since CDMA450 has attracted keen interest in the industry because the initial driver for CDMA450 was the urgent need to find a digital replacement for the ageing NMT450 analogue cellular systems. These systems had been widely deployed, not just in the Nordic countries but also in many countries in Central and Eastern Europe. In addition, CDMA450 inherits all the technical and service advantages of the CDMA2000 ® system. It boasts wide coverage of the 450MHz spectrum and enables the building of a 2,5-3G mobile network with different service capabilities. This means that technology can become a 3G solution for some operators without UMTS licenses. The case describes a Greenfield CDMA450 operator entering the market described in section with 2G and 3G mobile networks. In this case study the economics for two build out strategies -a full country coverage case and a rural roll out case will be studied.
III. GENERAL ASSUMPTIONS
For all the cases two generic country types are modeled taking into account geographic characteristics: The country types are according to the population.
1. "Large" = Western European country like France, Germany, Italy, or UK.
2. "Small" = Northern European country like Denmark, Finland, Norway or Sweden.
The country surface area has been supposed to be 370000 km 2 for "large" country (calculated average from France, Germany, Italy and UK), and 330000 km 2 for Nordic country (median from Denmark, Finland, Norway and Sweden, leading to about the size of Finland and Norway). Also the total populations were chosen accordingly; 65M for "large" country and 5.5M for Nordic. The license fees for different countries are not included in the calculations, but can be considered when looking for the final results of each country. The country demographics are presented in the Table I below. The overall size of the surface area isn't the sum of all the sub-areas because certain areas (e.g. lakes, mountain tops etc.) are not taken into account.
The basic radio network dimensioning assumptions for the investigated technologies are presented in the Table II below. * three sector cells, indoor coverage probability 80%, also outdoor coverage might be relevant in certain later described cases
IV. CASE ANALYSES AND RESULTS

A. 2G incumbent operator with or without UMTS license case
This scenario analyzed the incumbent player, i.e. one who has an existing 2G network, and wants to deploy its own 3G network to survive in the new 3G and beyond service competition. This study setting includes, and compares, two alternatives: UMTS deployment (with license), and a new competing 3G technology deployment.
1) Technology alternatives investigated
EDGE and UMTS technologies are modeled as evolution paths for GSM and GPRS technologies. For comparison, WiMAX based mobile broadband network overlay has been modeled to represent an alternative technology path for an operator without a UMTS license. The UMTS operator launches the service in the beginning of 2007 with full HSDPA capability from the beginning, and the WiMAX operator one year later (2008) . Also the case of plain UMTS, without HSPA has been studied for comparison.
Restricted availability and choice of the WiMAX terminals and handsets is reflected in the lower service take-up figures in the beginning. Also the HSDPA capable handset penetration is assumed to grow gradually starting from 2006, so that the HSDPA extra capacity is utilized only according to this user penetration.
As already presented in Table II , the WiMAX technology, which is deployed in the higher bands has smaller site coverage area than UMTS. This creates high cost structure when deployed especially in the rural areas, where the capacity need per surface area is low. In the urban areas the high capacity per cell is more important.
The costs per 10 MHz WiMAX base station is assumed to be 26k€ in the year 2007, which is roughly the same as for utilized plain UMTS 2×5 MHz BS configuration at the same year. However, as we are building up HSDPA capable network from the beginning an additional cost of 35% is assumed. Both the case for plain UMTS without HSDPA, and UMTS with HSDPA are calculated. Price erosion of nearly 15% per year (logistic price curve applied) is assumed for base stations.
For radio network dimensioning data, please refer to the Table II above. The real user throughput of the HSDPA BS configuration utilized is estimated to be 8Mbps, and the 10MHz WiMAX base station, based on current simulations, to be at the level of 10Mbps, as an average in real life conditions throughout the whole cell.
The SO's revenues are calculated from segment specific usage amounts for the provided technology and price level, as derived from the utilized End-user behavior model. The earlier the enhanced technology is deployed, the more traffic is generated, but only in the limits of general demand development and terminal availability. Wholesale prices towards the NO are based on traffic amount.
2) Rollout schemes and related investments
The study period starts from year 2006 (first calculated investments) continuing until year 2013. In the beginning the Network Operator has the GSM capacity built up to support the traffic level at the year 2006. Also the initial quite low data traffic is supported by the existing GPRS/EDGE capability. After that point, the needed extra GSM/GPRS/EDGE capacity is rolled out and calculated in the model. UMTS rollout starts in the year 2006, and the service is provided from the beginning of the year 2007. The deployment starts at the same time in all area types, but takes one year to cover the Dense area, two years for the Urban, three years for the Suburban, and 7 years to cover the whole 
3) Results and conclusions
Three sub-scenarios will be presented: "UMTS with HSDPA deployment", "UMTS without HSDPA deployment", and the "Mobile WiMAX deployment".
The results shown in the Table III below indicate that successful competition is possible by utilizing another high bandwidth 3G technology, when not having the UMTS license. However, the Service Operator and especially Network Operator position is clearly weaker with WiMAX than UMTS. It can be seen also that upgrading to HSPA, clearly improves the UMTS Network Operator results.
Furthermore there are still uncertainties relating to the upcoming technologies like WiMAX, which are not in mature mass production phase yet -neither the network nor the terminal/handset part. The take-up (penetration) of WiMAX assumed here includes high uncertainty, and for that reason we investigate below also the scenario of lowering market shares.
In the risk and sensitivity analyses performed for all cases, we identified the operational expenditure level as the most critical factor for the Service Operator. Respectively, for the Network Operator, the wholesale tariff erosion was found to be the most critical factor for the business case.
The effect of network technology choice on the customer retention was studied by varying the constant (30%) end market shares in a dedicated sensitivity analysis. Lower quality (capacity) network probably causes some customer loss in addition to reduced usage. Delay in providing advanced services exposes the operator to declining market shares. The sensitivity analysis indicates that loosing market share hits the WiMAX business case clearly harder than the UMTS cases during the study range, although making also them less profitable.
Secondly, the high technology subscriber penetration is dependent on the terminal characteristics and availability for each technology: a major question is e.g. the availability of dual-mode GSM/WiMAX handsets. This poses the new technology provider for evident risk, but if the breakthrough takes place, the penetration growth can happen rapidly.
B. New Entrant with UMTS license case
The scenario considered in this case is of a new entrant operator with 3G UMTS license in a Nordic country (see Table I ). The characteristics of this market are the smaller population with larger geographical area. The operator has both service and network operations. We assume that the new entrant has a spectrum advantage, i.e. it has received a spectrum package of 2×15 MHz vis-à-vis the incumbent's 2×10 MHz, an additional pair.
The new entrant uses the GSM networks provided by one or more of the existing network operators (NO) for providing voice and SMS services over the geographic area not covered by its own network. In other words, the new entrant acts as a 2G MVNO. The new entrant begins by rolling out its own 3G network for 30% of the total population (dense urban and urban), followed by network sharing to cover the remaining population.
It is essential for the new entrant to make a suitable decision on network sharing that satisfies its customers' requirement for a country-wide coverage and at the same time provides it a profitable business case in the long run.
The NO arm of the new entrant exclusively serves its own service operator (SO). Therefore, the network business is costoriented and the main objective is to reduce costs. SO's objective is to acquire as many customers as soon as possible, by providing advanced multimedia 3G services, considering the fact that the new entrant has no existing subscriber base to begin with. Lower priced voice calls and handset subsidies are part of the customer acquisition strategy. In our study, handset subsidy is considered as part of the customer acquisition cost (CAC).
The initial investments by the network and service operator start from the year 2005. The service roll-outs also begin from 2005, and the period of analysis extends to the year 2012.
The key players in the model are the new entrant (includes SO and NO), content provider (CP), terminal vendor, and other NO providing interconnection, national roaming and network sharing. In our model, handset subsidies have been included in the customer acquisition cost. Hence, the role of terminal vendor isn't emphasized.
In order to compare the network sharing cases in the rural vis-à-vis the suburban area, we first develop the SO case. A market share of 25% at the end of study period (2012) is considered. The assumptions on the market-share distribution across different area types are shown in Figure I . 
1) Results for New Entrant with UMTS (with network sharing in suburban area only)
In this case, network is shared only in the suburban region, while the rural area is covered by its own network.
The results of the cash flow analysis for the new entrant in such a case show that the payback period is within 5 years. Figure 3 presents the cash flow evolution results. Sensitivity analysis of market share with respect to NPV for this case shows that the new entrant will need at least 22% by 2012 to get a profitable business case.
Cash flow evolution
2) Results for New Entrant with UMTS (with network sharing in rural area only)
In this case, network is shared only in the rural region, while the suburban area is covered by its own network.
The results of the cash flow analysis for the new entrant in such a case shows that the payback period is within 5 years. Figure 4 presents the cash flow evolution results. Sensitivity analysis of market share with respect to NPV for this case shows that the new entrant will need at least 20% by 2012 to get a profitable business case.
Cash flow evolution
Both the network sharing case results show that the new entrant would require a market share of at least 20% after 8 years in order to have a profitable business case, which is by no means an easy task. The results also show better NPV values for rural area only network sharing. Since ownership of network is quite essential to offer higher quality services and reduce interoperability issues, an optimal trade-off between cost and quality has to be maintained. Therefore, the results of these two cases show that network sharing only in the rural area will enable the new entrant to reduce the costs while maintaining greater control of its networks in dense urban, urban and suburban areas (where majority of its customers exist) and a relatively better profitability.
C. CDMA 450 case
This scenario investigates the potential of CDMA2000 technology in 450MHz frequency band, also known as CDMA450.
The studied case includes a Greenfield CDMA450 operator entering the Western-European market to compete with 2G and 3G mobile networks. The CDMA450 operator has acquired a license for the 450-frequency band with the possibility to use up to 3×1,25MHz carriers. The operator enters a mature market in terms of communication facilities.
There are already several GSM/GPRS and UMTS operators in the market. A fixed access operator owns and runs a fixed network infrastructure that the newcomer will need to lease capacity from. We assume that N-mode terminals that enable roaming between CDMA450 and GSM/GPRS/W-CDMA networks are not available on the market. In this case study the economics for a Network Operator for two build out strategies -CDMA450 covered in the whole country or just in rural areas. Assumed study period is seven years 2006-2012. Monthly ARPU is 25€ and is an average of business and consumer segment, calculated as 50% of end-user ARPU (network operator is assumed to get 50% of the revenue from the customers). It is estimated that the ARPU of a business user is 2.5 times higher than the ARPU from a residential user. Table IV shows the economic results for the CDMA450 business case. The NPV for this case is negative, -213M€. By increasing the end-user prices to about 75€ per month, the NPV will become positive. This is, however, quite a high price compared to typical ADSL services.
The customer base is not large enough to justify the build out costs and the manpower that is needed to manage the network. With a larger customer base the OPEX cost per subscriber would be smaller and the profitability would be better. To support the rural users' mobility the whole country needs to be built out, which is not economical. Other business models need to be investigated to find a positive business case. Figure 5 shows the results from a sensitivity analysis based on the Crystal Ball™ tool. The base case includes the values that were used in the case resulting to the NPV presented earlier. All input variables are then changed one by one to pre-defined minimum and maximum values, giving a better estimate of the sensitivity of the case NPV to changes in the inputs. As can be seen in Figure 5 , the most critical input parameters include (the estimated capacity needs per customer, the concentration factor giving an estimate of the number of simultaneous users, and the capacity per sector for each BS. These parameters are impacting the number of BS, the site costs, the number of BSCs and core network nodes and the number or leased lines needed to connect each of them. The capacity per user is an interesting parameter. Comparing the capacity to ADSL systems, where each customer typically has at least 1Mbps downlink data rate, one sees that the CDMA450 network can offer far lower data rates. CDMA450 is thus not a good substitute technology when comparing capacity per user. Due to the low operating frequency, CDMA450 is claimed to be optimal for rural areas in scattered population environments, as a broadband alternative to DSL technology. The reality is, however, that the capacity is not high enough for the better range to become a big advantage over other technologies such as GSM/EDGE. Capacity constraints are found to be the driver for base station investments in all area types as the service penetration increases. Thus, the range is of less significance and does not give the assumed advantages. The CDMA450 case for a Nordic country with CDMA-only handsets did not show good business profitability; the NPV was -213M€. The study analyzed CDMA450 as a substitute for ADSL Light in rural areas where it is uneconomical to offer ADSL. CDMA450 cannot offer same kind of data rates to each user as ADSL. On the other hand, it offers mobility, so the users with a CDMA450 device can move around in the country and get connected wherever there is CDMA450 coverage.
The results showed that efficient dimensioning is very important for the profitability. The capacity per BS and the offered capacity per user have to be investigated thoroughly, because over-dimensioning will drive the cost up very much and make the case unprofitable.
A clear understanding of the topology and population distribution of the country is needed, in order to find the most optimal roll out strategies in terms of co-sitting of nodes and minimal rental cost of leased lines and IP core transport.
V. CONCLUSIONS
In this paper a set of possible business scenarios have been presented, including three cases for incumbents and new entrants (with licensed or not). The analysis shows that several business models and technologies are viable, but some cases are identified as more robust than others in the completive environment. The analysis framework can be expanded for versatile scenarios partly deviating from current settings, for the benefit of telecom stake holders and regulators.
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